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Tree topologies  
 
Two topologies were examined, one favoring the Coelomata hypothesis (Figs. S1a and S2a), in which 
protostomes are not monophyletic, and one favoring the Ecdysozoa hypothesis (Figs. S1b and S2b), in 
which protostomes are monophyletic (Adoutte et al. 2000).   
 
Branch lengths 
 
Fossil estimates -- Divergence dates (in billion years before present) were gathered from the literature 
(Brocks et al., 2005; Battistuzzi et al., 2004; Douzery et al., 2004; Benton and Donoghue, 2007) and from 
http://www.fossilrecord.net/, and were applied to the two tree topologies. Twenty-two of the 28 total 
nodes in the phylogeny were dated in this way.  The remaining six nodes were placed evenly between 
neighboring dated nodes (see BLADJ procedure of Webb et al. 2008).  The resulting branch lengths are 
shown in Fig. S1.  
 
rRNA estimates --  Branch lengths based on expected numbers of substitutions in ribosomal RNA were 
determined and applied to the two topologies.  Aligned 18s or 16s (small subunit) ribosomal RNA 
sequences were downloaded from the SILVA database (http://www.arb-silva.de/, Pruesse et al., 2007) for 
the 29 studied species. Sequences from Trypanosoma vivax and Tetraodon nigroviridis were used to 
represent respectively Trypanosoma sps. and Fugu rubripes, for which sequences could not be found in 
the database.  Based on this alignment, branch lengths were estimated in the maximum likelihood 
framework using bppml (Dutheil and Boussau, 2008) using a GTR + G(4 categories) + Invariant model of 
sequence evolution. The resulting branch lengths are shown in Fig. S2.  
 
Regression analyses (corresponding to Table 2 of main paper) 
 
The relationship between Neu and genome size for n=29 taxa was examined using REGRESSIONv2.m 
(Lavin et al. 2008) running in MATLAB v. 7.9.0.  Three types of models were examined: ordinary least 
squares (OLS), phylogenetic generalized least squares (PGLS), and phylogenetic regression in which the 
residual variation is modeled as an Ornstein-Uhlenbeck process (RegOU).  OLS is traditional 
‘nonphylogenetic’ regression, which in effect assumes a star phylogeny in which all species are equally 
unrelated, and corresponds to the Neu vs. genome size analysis reported in Lynch & Conery (2003).  
PGLS assumes that residual variation among species is correlated, with the correlation given by a 
Brownian-motion like process along the specified phylogenetic tree (topology and branch lengths).  The 
RegOU model estimates (via restricted maximum likelihood) the strength of phylogenetic signal in the 
residual variation simultaneously with the regression coefficients; the former is given by d, the Ornstein- 
Uhlenbeck transformation parameter. An OU evolutionary model is typically used to model the effects of 
stabilizing selection around an optimum. When d=0, there is no phylogenetic signal in the residuals from 
the regression model; when d is significantly greater than 0, significant phylogenetic signal exists (Lavin 
et al. 2008; Blomberg et al. 2003). 
 
In addition to the single OLS analysis, twelve analyses were done.  These corresponded to PGLS and 
RegOU models each run on the six combinations of two topologies (above) and three sets of branch 
lengths (all=1, as in Whitney & Garland 2010; and Fossil and rRNA, as above).   
 
We compared the likelihoods of the PGLS and OLS models, with a higher likelihood taken as evidence of 
a better-fitting model.  OU and OLS models were compared with ln maximum likelihood ratio tests and 
P<0.05 as a cutoff. 
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Regression analyses for bacteria 
 
The relationship between Neu and genome size for n=7 bacterial species from the dataset of Lynch and 
Conery (2003) was examined using OLS and PGLS in REGRESSIONv2.m (Lavin et al. 2008) as 
described above using all=1 branch lengths. 
 
Neu threshold values 
 
Observations from the dataset of Lynch & Conery (2003) were scored for "low" vs. "high" Neu according 
to the following thresholds identified in Lynch & Conery (2003): intron number Neu = 0.015; total 
transposon number (and fraction) Neu = 0.0128.  While the former was presented in the text, the latter was 
determined from Fig. 4 (bottom right panel) of Lynch & Conery (2003) using the program g3data 1.5.1 
(http://www.frantz.fi/software/g3data.php) to estimate genome size at the threshold as 11.89 Mb.  Neu 
was then back-calculated from genome size using the regression equation in the Fig.1b legend of Lynch 
& Conery (2003). 
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Figure S1: Branch lengths based on the fossil record.  Dates are in billion years. a) Tree topology 
according to the Coelomata hypothesis.  b) Tree topology according to the Ecdysozoa hypothesis. 
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Figure S2: Branch lengths based on expected rRNA substitutions. a) Tree topology according to the 
Coelomata hypothesis. b) Tree topology according to the Ecdysozoa hypothesis. 


